Granular Flow Impact Forces on Protection Structures: MPM Numerical Simulations with Different Constitutive Models  by Ceccato, Francesca & Simonini, Paolo
 Procedia Engineering  158 ( 2016 )  164 – 169 
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under the responsibility of the organizing and scientific committees of CNRIG2016
doi: 10.1016/j.proeng.2016.08.423 
ScienceDirect




























© 2016 The Authors. Published by lsevier td. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under the responsibility of the organizing and scientific committees of CNRIG2016
165 Francesca Ceccato and Paolo Simonini /  Procedia Engineering  158 ( 2016 )  164 – 169 
RIIDLOXUHPHFKDQLVPVODQGVOLGHSDWWHUQVDQGLPSDFWIRUFHVDUHQHFHVVDU\,PSDFWIRUFHVDUHFXUUHQWO\HVWLPDWHGZLWK






DURXQG WKHPRVWDSSURSULDWHFRQVWLWXWLYHHTXDWLRQIRUGHVFULELQJJHRSK\VLFDO IORZV LVVWLOODFWLYH>@3DUWRI WKH


























࣌ ൌ ሺ݌ ൅ ܭοߝ௩௢௟ሻ૚ ൅ ʹߤ௘௙௙ࡰ  
ZKHUH PHDQHIIHFWLYHVWUHVV. EXONPRGXOXVοɂ୴୭୪ YROXPHWULFVWUDLQLQFUHPHQW GHYLDWRULFVWUDLQUDWHWHQVRU
DQGPHII HIIHFWLYHYLVFRVLW\ZKLFKLVGHILQHGDV
ߤ௘௙௙ ൌ ൝




























<RXQJPRGXOXV( N3D %XONPRGXOXV. 
3RLVVRQ¶VUDWLRQ  )ULFWLRQDQJOHM 





XQGHUVWRRG LQ 1HZWRQLDQ IOXLGV LW LV HYLGHQW WKDW VRLO LV D FRPSOHWHO\ GLIIHUHQW PDWHULDO $ SDUDPHWULF VWXG\ LV





























IROORZHG E\ D UHGXFWLRQ WR D TXDVLVWDWLF YDOXH 7KLV UHVSRQVH LV TXDOLWDWLYHO\ VLPLODU WR WKH RQH REVHUYHG LQ WKH
H[SHULPHQWV
:KHQXVLQJWKHHODVWRSODVWLFPRGHOIRUT DQGDIWHUWKHSHDNWKHIRUFHILUVWGHFUHDVHVDQGWKHQLQFUHDVHV
DJDLQ WKLVSKHQRPHQRQ LVGXH WR WKH LQWHUDFWLRQRIFRPSUHVVLYHZDYHVJHQHUDWHGE\ WKH LPSDFWZLWKERXQGDULHV













LPSDFW DQG VR RQ7KHVH IDFWRUV DUH FRUUHODWHG DQG VWURQJO\ LQIOXHQFHG E\ WKH FRQVWLWXWLYHPRGHO$Q H[KDXVWLYH










JUDLQV LQWHUDFW ZLWK IULFWLRQDO FRQWDFWV DQG FROOLVLRQV WKH ILUVW PHFKDQLVP SUHYDLOV DW ORZ VKHDU UDWHV DQG LW LV
UHDVRQDEO\ ZHOO FDSWXUHG E\ HODVWRSODVWLF PRGHOV TXDVLVWDWLF FRQGLWLRQV $W KLJKHU VKHDU UDWHV WKH FROOLVLRQDO
169 Francesca Ceccato and Paolo Simonini /  Procedia Engineering  158 ( 2016 )  164 – 169 






































>@< )RUWHUUH 2 3RXOLTXHQ )ORZV RI 'HQVH *UDQXODU 0HGLD $QQX 5HY )OXLG 0HFK   ±
GRLDQQXUHYIOXLG
>@)&DOYHWWL&GL3ULVFR(9DLUDNWDULV'(0DVVHVVPHQWRILPSDFWIRUFHVRIGU\JUDQXODUPDVVHVRQULJLGEDUULHUV$FWD*HRWHFK
GRLV]
>@7-RKDQQHVVRQ3*DXHU3,VVOHU7KHGHVLJQRIDYDODQFKHSURWHFWLRQGDPVGRL
>@*'50LGL2QGHQVHJUDQXODUIORZV(XU3K\V-(±GRLHSMHL
>@..DPULQ1RQOLQHDUHODVWRSODVWLFPRGHOIRUGHQVHJUDQXODUIORZ,QW-3ODVW±GRLMLMSODV
>@,5HGDHOOL&GL3ULVFR'9HVFRYL$YLVFRHODVWRSODVWLFPRGHOIRUJUDQXODUPDWHULDOVXQGHUVLPSOHVKHDUFRQGLWLRQV,QW-1XPHU$QDO
0HWKRGV*HRPHFKGRLQDJ
